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SPECIFICATION 

[Title of the Invention] IMAGE DISPLAY DEVICE 
[ Summary ] 

[Problem] An object is to provide an image display device which 
can make expression (display control) of brightness gradation with 
ease by a simple structure and with accuracy in accordance with 
a video signal. 

[Solving Means] An image display device uses EL elements in which 
a plurality of pixels are arranged in a matrix form, each of the 
plurality pixels includes a single EL element which can be connected 
to a drive electrode, a transistor connected in series with the 
EL element and enabling a current to flow to the EL element in a 
case where an electric charge is held by a gate, and light emission 
determining means for determining whether or not the EL element 
is made to emit light and for supplying the electric charge to the 
gate of the transistor in a case where light is emitted, and the 
device is characterized in that in an address period for determining 
light emission or light non-emission of all the pixels, all 
connections between the driver electrode and the plurality of pixels 
are turned off , and after the address period is ended, the drive 
electrode and the plurality of pixels are connected to each other. 

[Scope of Patent Claim] 

[Claim 1] An image display device using EL elements in which a 
plurality of pixels are arranged in a matrix form, characterized 
in that 

each of the pixels includes an EL element to which a driving 
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current is supplied from a drive electrode, 

a driving transistor connected in series with the EL element 
and enabling a current to flow to the EL element in a case where 
an electric charge is held by a gate, and 

light emission determining means for determining whether or 
not the EL element is made to emit light and for supplying the 
electric charge to the gate of the transistor in a case where light 
is emitted, and that 

in an address period for determining light emission or light 
non-emission of all the pixels, the current from the drive electrode 
is made not to be supplied to all the pixels, and after the address 
pefiod is ended, the current from the drive electrode is made to 
be supplied to the pixels. 

[Claim 2] An image display device using EL elements in which a 
plurality of pixels are arranged in a matrix form, characterized 
in that 

each of the pixels includes an EL element to which a driving 
current is supplied from a drive electrode, 

a driving transistor connected in series with the EL element 
and enabling a current to flow to the EL element in a case where 
an electric charge is held by a gate, 

light emission determining means for determining whether or 
not the EL element is made to emit light and for supplying the 
electric charge to the gate of the transistor in a case where light 
is emitted, and 

switch means for preventing the current from the drive 
electrode from being supplied to all the pixels in an address period 
for determining light emission or light non-emission of all the 
pixels, and for supplying the current from the drive electrode to 
the pixels after the address period is ended. 

[Claim 3] An image display device as claimed in claim 1 or 2 , 
characterized in that a potential supplied to the gate of the driving 
transistor by the light emission determining means is the same 
potential in all the pixels. 

[Claim 4] An image display device as claimed in any one of claims 
1 to 3, characterized in that the light emission determining means 
is made of an address selecting transistor, its source is connected 
to a data electrode line, its gate is connected to an address data 
electrode line, and its drain is connected to the driving 
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transistor. 

[Claim 5] An image display device as claimed in any one of claims 
1 to 4, characterized in that an electric charge holding capacitor 
is connected to the gate of the driving transistor. 
[Claim 6] An image display device as claimed in any one of claims 
1 to 5, characterized in that the switch means is provided between 
the drive electrode and the driving transistor. 

[Claim 7] An image display device as claimed in any one of claims 
1 to 6, characterized in that the image display device expresses 
brightness gradation by a subfield 2 n gradation method. 
[Claim 8] An image display device as claimed in any one of claims 
1 to 7 , characterized in that the EL element includes a light 
emitting layer made of an organic compound. 
[Detailed Description of the Invention] 
[0001] 

[Technical Field to Which the Invention belongs] 

The present invention relates to a display device using an 
electroluminescence element (EL element) such as an organic 
electroluminescence element (hereinafter referred to as an organic 
EL element ) . 
[0002] 
[Prior Art] 

Conventionally, there is known an organic EL element in which 
a current is made to flow through a fluorescent material formed 
on a glass plate or a transparent organic film to cause light 
emission. Fig. 5 shows a schematic structure of such an organic 
EL element. In Fig. 5, a transparent electrode 302 is formed on 
an upper surface of a glass substrate 301, and a light emitting 
layer 303 is formed on an upper surface of the transparent electrode 
302. Further, a metal electrode 304 is formed on an upper surface 
of the light emitting layer 303. 
[0003] 

Fig. 6 is an electric circuit diagram equivalently expressing 
the organic EL element. In general, as shown in Fig. 6, it is 
considered that the organic EL element is a capacitive light 
emitting element which is equivalently expressed by a circuit 
resistance component R, a capacitance component C, and a light 
emitting component D. 
[0004] 
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Accordingly, when a light emission driving voltage 306 is 
applied between the transparent electrode 302 and the metal 
electrode 304 by a switch 305 shown in Fig. 5, first, an electric 
charge corresponding to the electric capacitance of the element 
flows as a displacement current to the electrode and is stored. 
Subsequently, when it exceeds a certain voltage (barrier voltage) , 
a current starts to flow from the electrode to the organic layer, 
and light emission starts in proportion to this current. 
[0005] 

Further, an example of a display device using a plurality of 
organic EL elements will be described with reference to Fig. 7. 
As^shown in Fig. 7; the display device like this' is constituted 
of a cathode line scanning circuit 51, an anode line driving circuit 
52, and a display panel 55. The cathode line scanning circuit 51 
is connected to the display panel 55 through connection terminals 
bi to b n constituting a connection portion, and the anode line driving 
circuit 52 is connected to the display panel 5 5 through connection 
terminals ai to a m constituting a connection portion. 
[0006] 

A driving method of Fig . 7 is one called a simple matrix driving 
method, and is devised such that anode lines A x to A m and cathode 
lines Bi to B n are arranged in a matrix form, organic EL elements 
Ei,! to E m ,n are connected to respective intersection positions of 
the anode lines and the cathode lines arranged in the matrix form, 
either one group of the anode lines and the cathode lines are 
sequentially selected and scanned at constant time intervals, and 
the other lines are driven by current sources 52 L to 52 m as driving 
sources in synchronization with this scanning, so that the organic 
EL element at an arbitrary intersection position emits light. 
[0007] 

As the driving method of the organic EL elements, there are 
two methods, that is, cathode line scanning/anode line driving and 
anode line scanning/cathode line driving. Fig. 7 shows the case 
of the cathode line scanning/anode line driving in which the cathode 
line scanning circuit 51 is connected to the cathode lines Bi to 
B n , and the anode line driving circuit 52 made of the current sources 
52i to 52 m is connected to the anode lines Ai to A m . The cathode line 
scanning circuit 51 scans while sequentially changing over switches 
53i to 53 n to the earth terminal side at constant time intervals, 
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so that an earth potential (OV) is sequentially given to the cathode 

lines Bi to B n . 

[0008] 

Besides, the anode line driving circuit 52 makes on and off 
control of switches 54i to 54 ra in synchronization with the switch 
scanning of the cathode line scanning circuit 51 , so that the current 
sources 52 x to 52 m are connected to the anode lines hi to ,A m and a 
driving current is supplied to the organic EL elements at desired 
intersection positions. 
[0009] 

For example, when a case in which the organic EL elements E 2l i 
to*E 3 ,i are made to emit light is cited as an example, as shown in 
Fig. 7, the switch 53 x of the cathode line scanning circuit 51 is 
changed over to the earth side, and when the earth potential is 
given to the first cathode line B lt the switches 54 2 and 54 3 of the 
anode line driving circuit 52 are changed over to the current source 
side, so that the current source 52 2 and 52 3 are connected to the 
anode lines A 2 and A 3 . By repeating such scanning and driving at 
high speed, the organic EL element at an arbitrary position is made 
to emit light, and control is made as if the respective organic 
EL elements emit light at the same time. 
[0010] 

A reverse bias voltage Vcc of the same potential as the power 
supply voltage is applied to the cathode lines B 2 to B n other than 
the cathode line Bi under scanning, so that erroneous light emission 
is prevented. Incidentally, in Fig. 7, although the current sources 
52i to 52 m are used as driving sources, even if voltage sources are 
used, it can be realized in the same way. 
[0011] 

Fig. 8 is a block diagram showing a structure of an organic 
EL display device using the organic EL element having the foregoing 
structure. In the figure, reference numeral 101 designates an A/D 
conversion circuit; 103, a frame memory; 104, a controller; 105, 
a scanning circuit; 106, a writing circuit; 107, a power supply 
circuit; and 109, a display panel. 
[0012] 

The A/D conversion circuit 101 receives an analog video signal 
and converts it into digital video signal data. The converted 
digital video signal is supplied from the A/D conversion circuit 
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101 to the frame memory 103, and is written and stored through the 
.control of the controller 104, The controller 104 controls the frame 
memory 103 and the other respective circuits up to the power supply 
circuit 107 in synchronization with the horizontal and vertical 
synchronous signals of the input video signal, 
f 0013] 

The digital video signal data stored in the frame memory 103 
is read out by the controller 104, and is sent to the writing circuit 
106. Besides, the controller 104 sequentially controls the writing 
circuit 106 and the scanning circuit 105 connected to respective 
rows and columns of the display panel, so that light emission of 
the organic EL elements of the display panel 109 corresponding to 
an image stored in the frame memory is controlled and a desired 
image display is obtained. The power supply circuit 107 supplies 
power to all the organic EL elements of the display panel 109. 
[0014] 

Although the organic EL display device is constructed in this 
way, if line sequential driving such as the foregoing simple matrix 
driving is performed using this organic EL display device, there 
is a problem in that consumed electric power is increased because 
of an , increase of wiring resistance or in order to secure 
instantaneous brightness. For this account, in the organic EL 
display device, it is desirable to control the light emission of 
organic EL elements corresponding to respective pixels by active 
matrix driving. 
[0015] 

On the other hand, since the organic EL element does not have 
a memory property for keeping light emission, in the organic EL 
display device, a circuit is constructed so as to have the memory 
property by using a TFT (thin film transistor) such as an FET, so 
that the light emission of the respective pixels at the time of 
driving is kept. 
[0016] 

Fig. 9 is a view showing an example of a circuit structure 
corresponding to a unit pixel of a display panel for making light 
emission control by the active matrix driving. In the figure, a 
gate G of an FET {Field Effect Transistor) 201 (address selecting 
transistor) forms an address scanning electrode line to which a 
scanning signal for scanning a row is supplied from the scanning 
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circuit 105, and on the other hand, a source S of the FET 201 forms 
a data electrode line to which a signal corresponding to data of 
the frame memory 103 is supplied from the writing circuit 106. 
[0017] 

A drain D of the FET 201 is connected to a gate G of an FET 
202 (driving transistor) and is grounded through a capacitor 
(condenser) 203. A source S of the FET 202 is grounded, and a drain 
D is connected to a cathode of an organic EL element 205 and is 
connected to a power supply through an anode of the organic EL 
element 205. Incidentally, the anode included in the organic EL 
element 205 of each of the pixels forms a common electrode, and 
this common electrode is connected to the foregoing power supply. 
[0018] 

Next, a light emission control operation of a unit pixel of 
a display panel which is constituted of a plurality of such circuits 
arranged in rows and columns will be described. First, in Fig. 9, 
when an on voltage is supplied to the gate G of the FET 201, the 
FET 201 causes a current corresponding to a voltage of data supplied 
to the source S to flow from the source S to the drain D. 
[0019] 

If the gate G of the FET 201 is in an off voltage, the FET 
201 becomes in a so-called cut off state, and the drain D of the 
FET 201 becomes in an open state. Thus, in a period when the gate 
G of the FET 201 is in the on voltage, the capacitor 203 is charged 
by a current based on the voltage of the source S. The voltage is 
supplied to the gate G of the FET 202, and in the FET 202, a current 
based on the gate voltage and a voltage supplied from the power 
supply through the organic EL element 205 and applied to the drain 
D flows from the drain D to the source S through the organic EL 
element 205, so that the organic EL element 205 is made to emit 
light. 
[0020] 

When the gate G of the FET 201 comes to have the off voltage, 
the FET 201 becomes in the open state, and in the FET 202, the voltage 
of the gate G is held by the electric charge stored in the capacitor 
203. The current is kept until next scanning, and the light emission 
of the organic EL element 205 is also kept. 
[0021] 

Incidentally, since a gate input capacitance exists between 
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the gate G and the source S of the FET 202, even if the capacitor 
203 is omitted, the same operation as the above is possible. 
[0022] 

The circuit corresponding to the unit pixel of the display 
panel for performing the light emission control by the active matrix 
driving is constructed in this way, and the light emission of the 
pixel is kept in the case where the pixel is driven. The brightness 
gradation of each pixel is performed by amplitude modulation of 
a voltage applied to the gate G. That is, in the FET 202, since 
the amount of current flowing between the source S and the drain 
D is changed by a voltage applied to the gate G, if the respective 
portions of the organic EL display device adjust the voltage applied 
to the gate G in accordance with a supplied video signal, it is 
possible to adjust the amount of current flowing through the organic 
EL element 205, that is, instantaneous brightness of the element, 
[0023] 

[Problem to be solved by the Invention] 

However, in the display panel which performs the brightness 
gradation by the foregoing amplitude modulation, since there is 
a nonlinear relation between the value of the voltage applied to 
the gate G and the value of the current flowing between the source 
S and the drain D, there is a problem in that brightness adjustment 
for obtaining desired instantaneous brightness is difficult. 
[0024] 

That is, since there is such a relation that even if the value 
of the voltage applied to the gate G is doubled, the value of the 
current flowing between the source S and the drain D does not double 
(that is, the instantaneous brightness of the element does not 
double), in order to obtain desired instantaneous brightness, it 
has been necessary to control the value of the voltage applied to 
the gate G with high accuracy after voltage-current characteristic 
of the transistor is grasped. 
[0025] 

The present invention has been made in view of the foregoing 
problems, and has an object to provide an image display device which 
can make expression (display control) of brightness gradation with 
ease by a simple structure and with accuracy in accordance with 
a video signal. 
[0026] 
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[Means for solving the Problem] 

According to the present invention as claimed in claim 1, 
there is provided an image display device using EL elements in which 
a plurality of pixels are arranged in a matrix form, characterized 
in that each of the pixels includes: an EL element to which a driving 
current is supplied from a drive electrode; a driving transistor 
connected in series with the EL element and enabling a current to 
flow to the EL element in a case where an electric charge is held 
by a gate; and light emission determining means for determining 
whether or not the EL element is made to emit light and for supplying 
the electric charge to the gate of the transistor in a case where 
light is emitted, and that in an address period for determining 
light emission or light non-emission of all the pixels, the current 
from the drive electrode is made not to be supplied to all the pixels, 
and after the address period is ended, the current from the drive 
electrode is made to be supplied to the pixels . 
[0027] 

Besides, according to the present invention as claimed in 
claim 2, there is provided an image display device using EL elements 
in which a plurality of pixels are arranged in a matrix form, 
characterized in that each of the pixels includes an EL element 
to which a driving current is supplied from a drive electrode, a 
driving transistor connected in series with the EL element and 
enabling a current to flow to the EL element in a case where an 
electric charge is held by a gate, light emission determining means 
for determining whether or not the EL element is made to emit light 
and for supplying the electric charge to the gate of the transistor 
in a case where light is emitted, and switch means for preventing 
the current from the drive electrode from being supplied to all 
the pixels in an address period for determining light emission or 
light non-emission of all the pixels, and for supplying the current 
from the drive electrode to the pixels after the address period 
is ended. 
[0028] 

Besides, the present invention as claimed in claim 3, in the 
image display device as recited in claim 1 or 2, is characterized 
in that a potential supplied to the gate of the driving transistor 
by the light emission determining means is the same potential in 
all the pixels. 
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[0029] 

Besides, the present invention as claimed in claim 4, in the 
image display device as claimed in any one of claims 1 to 3, is 
characterized in that the light emission determining means is made 
of an address selecting transistor, its source is connected to a 
data electrode line, its gate is connected to an address data 
electrode line, and its drain is connected to the driving 
transistor. 
[0030] 

Besides, the present invention as claimed in claim 5, in the 
image display device as claimed in any one of claims 1 to 4, is 
characterized in that an electric charge holding capacitor is 
connected to the gate of the driving transistor. 
[0031 ] 

Besides, , the present invention as claimed in claim 6, in the 
image display device as claimed in any one of claims 1 to 5, is 
characterized in that the switch means is provided between the drive 
electrode and the driving transistor. 
[0032] 

Besides, the present invention as claimed in claim 7, in the 
image display device as claimed in any one of claims 1 to 6, is 
characterized in that the image display device expresses brightness 
gradation by a subfield 2 n gradation method. 
[0033] 

Besides, the present invention as claimed in claim 8, in the 
image display device as recited in any one of claims 1 to 7 , is 
characterized in that the EL element includes a light emitting layer 
made of an organic compound. 
[0034] 
[Operation] 

Since the present invention is structured as described above, 
in the light emission display device, control is made such that 
the current flows to each EL element in the case where the electric 
charge is held by the gate of each transistor connected in series 
with each of the EL elements in which the plurality of pixels are 
arranged in the matrix form, and active matrix driving control is 
made such that the light emission determining means supplies the 
electric charge to the gate of -the corresponding transistor in the 
case where the EL element is made to emit light/ all connections 
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between the drive electrode and the plurality of pixels are turned 
off in the address period in which light emission or light 
non-emission of all of the plurality of pixels is determined, and 
the drive electrode and the plurality of pixels are connected to 
each other after the address period is ended. Thus, in each of the 
pixels, the instantaneous brightness of the EL element, can be made 
constant, and the brightness adjustment based on the length of a 
light emission time such as a 2 n subfield method is possible, so 
that the display of the brightness gradation can be accurately 
performed. 

[0035] , . 

[Embodiment Mode of the Invention] 

Next, a preferred embodiment of the present invention will 
be described with reference to the drawings. In a light emission 
display device of this embodiment, it is assumed that an organic 
EL element is used for each pixel of a display panel , and in each 
pixel, brightness gradation is performed by light emission control 
based on the 2 n subfield method. Fig. 1 is a block diagram showing 
a main structure of an organic EL display device according to the 
present invention. In the figure, reference numeral 1 designates 
an A/D converter; 2, a column address counter; 3, a row address 
counter; 4, a frame memory; 5, a multiplexer; 6, a controller; 7, 
a row driver; 8, a column driver; and 9, a display panel. 
[0036] 

The A/D conversion circuit 1 receives an analog video signal 
input and converts it into digital video signal data. The converted 
digital video signal is supplied from the A/D conversion circuit 
1 to the frame memory 4, and the digital video signal data in a 
unit of one frame is once stored in the frame memory 4. 
[0037] 

On the other hand, the controller 6 controls the digital video 
signal data stored in the frame memory 4 by a plurality (here, eight) 
of subfields having different light emission times as parameters 
and by using the column address counter 2 and the row address counter 
3, so that the data is converted into a plurality (here, eight) 
of gradation display data, and the respective data, together with 
light emission and light non-emission data corresponding to the 
address of the pixel of the display panel 9, are sequentially 
supplied to the multiplexer 5. 
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[0038] 

Besides, the controller 6 makes control such that among light 
emission and light non-emission data supplied to the multiplexer 
5, column data corresponding to the respective subfields is 
sequentially held by a data latch circuit included in the driver 
8 in the order of arrangement of the pixels from the first line. 
[0039] 

The controller 6 supplies the column data for each of the 
subfields sequentially held by the data latch circuit to the display 
panel 9 in a unit of one row, and causes simultaneous light emission 
in pixel columns included in the corresponding row by the row driver 
7.~This operation is performed in a unit of one frame data with 
respect to the column data of each of the first subfield to the 
eighth subfield (here, the operation is performed eight times), 
so that each pixel of the display panel 9 emits light only in a 
cumulative light emission time corresponding to each of the supplied 
subfields, and a light emission display for one frame can be 
performed by the gradation display. 
[0040] 

Incidentally, in the data of the eight subfields (first 
subfield to eighth subfield) used in this embodiment, pulse widths 
of pulse data having a predetermined height are set to eight kinds 
of widths based on the 2 n subfield method. That is, the ratios of 
the pulse widths included in the data from the first subfield to 
the eighth subfield are set to 1/2, 1/4. 1/8, 1/16, 1/32, 1/64, 
and 1/256, so that they are made to correspond to 256 brightness 
gradation displays . 
[0041] 

The organic EL display device of the present invention is 
structured in this way, and repeats all surface simultaneous light 
emission by address scanning of the whole screen of the display 
panel for the respective subfields with respect to the inputted 
analog video signal, so that the light emission display in a unit 
of frame is performed by the gradation display. 
[0042] 

Next, a structure around one pixel included in the display 
panel 9 will be described. Fig. 2 is a view showing an example of 
a circuit structure corresponding to one pixel of the display panel 
9 in Fig. l. The circuit structure shown in Fig. 2 is constructed 
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such that in addition to the foregoing respective circuit structures 
shown in Fig. 9, a change-over switch 10 is provided at an anode 
side of an organic EL element 205, so that change-over connection 
between a power supply Voc and an earth terminal is possible. 
[0043] 

Besides, although a plurality of organic EL elements 205 are 
provided correspondingly to the respective pixels of the display 
panel 9, as shown in Fig. 2, anodes of the organic EL elements 205 
corresponding to the respective pixels constitute common electrodes 
electrically connected to one another. The circuit corresponding 
to one pixel of the display panel 9 is constructed as described 
abtfve , and a plurality of such circuits are arranged correspondingly 
to rows and columns so that the display panel 9 is constructed. 
[0044 ] 

Next , a detailed description will be given on a light emission 
control operation through the gradation display of the display panel 
9 based on digital video signal data stored in the frame memory 
4 and performed by the controller 6. First, when the digital video 
signal data is supplied to the frame memory 4, the controller 6 
writes the digital video signal data of one frame into the frame 
memory 4 , 
[0045] 

Next, the controller 6 instructs the multiplexer 5 to output 
data of the first subfield (1/2). Next., the controller 6 instructs 
the row address counter 3 to specify the first row, and instructs 
the column address counter 2 to specify the first column. 
[0046] 

By this, the digital video signal data of one frame at the 
specified address (first row, first column) is converted into eight 
gradation display data, and is sequentially supplied, as data 
including light emission and light non-emission data corresponding 
to the address of the pixel of the display panel 9 , to the multiplexer 
5. 

[0047] 

Next, the controller 6 outputs the data of the first subfield 
among the data of the specified address (first row, first column), 
which are supplied to the multiplexer 5, to the column driver 8. 
The column driver 8 holds the data by the data latch circuit included 
in the column driver 8. 
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[0048] 

Next, the controller 6 instructs the column address counter 
2 to renew the column by one. That is, the controller 6 instructs 
the column address counter 2 to specify the second column. By this, 
the address (first row, second column) is specified, and the same 
operation as the foregoing case where the address (first row, first 
column) is specified is repeated. 
[0049] 

In this way, the controller 6 sequentially repeats the same 
operation with respect to the respective columns of the first row, 
so that the data of all columns of the first row is made to be held 
by^the data latch circuit included in the column driver 8. 
[0050] 

Next, the controller 6 instructs the row address counter 3 
to specify the second row, instructs the column address counter 
2 to specify the first column, and makes control to perform data 
latch of the second row similarly to the case of the foregoing first 
row. 
[0051] 

Besides, at the same time as this operation, the controller 
6 drives the column driver 8 and the row driver 7 to operate the 
circuit (see Fig. 2) provided in each pixel in an after-mentioned 
procedure, so that the data of the first row already held by the 
data latch circuit of the column driver 8 is made to be written 
into the corresponding pixels of the respective columns. 
[0052] 

Next, the controller 6 instructs the row address counter 3 
to specify the third row, instructs the column address counter 2 
to specify the first column, and makes control to perform data latch 
of the third row similarly to the foregoing cases of the first row 
and the second row. 
[0053] 

Besides, at the same time as this operation, the controller 
6 drives the column driver 8 and the row driver 7, so that the data 
of the second row already held by the data latch circuit of the 
column driver 8 is made to be written into the corresponding pixels 
of the respective columns by an after-mentioned method. 
[0054] 

The controller 6 makes the operation like this for all rows, 
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so that the data of the first subf ield can be written correspondingly 
to all pixels. Next, the controller 6 changes over the change-over 
switch 10 connected to the side of the anode of the organic EL element 
205 as the common electrode of the respective pixels to the side 
of the power supply Voc, so that light emission control is made 
for all pixels of the display panel 9 at the same time. By this, 
light emission corresponding to the data of the first subf ield is 
made on the display panel 9 . 
[0055] 

Next, the controller 6 instructs the multiplexer 5 to output 
data of the second subf ield (1/4). Hereinafter, the controller 6 
repeats the same operation as the foregoing first subf ield, so that 
light emission corresponding to the data of the second subfield 
is made. 
[0056] 

In this way, light emission corresponding to from the first 
subfield to the eighth subfield (1/256) is made, and at the point 
of time when light emission of the eighth subfield is ended, driving 
of one frame is completed. Thereafter, the controller 6 rewrites 
the data stored in the frame memory 4 by data corresponding to a 
next frame, and makes light emission control of the next frame. 
[0057] 

Next, a description will be given on an operation procedure 
for driving the circuit (see Fig. 2) provided in each of the pixels 
such that the controller 6 drives the column driver 8 and the row 
driver 7 to sequentially write respective data of from the first 
subfield to the eighth subfield into the respective pixels to cause 
light emission. 
[0058] 

In Fig. 2, the controller 6 changes over the change-over 
switch 10 to the earth terminal side to ground the common electrode 
as the anode side of the organic EL element 205 corresponding to 
each of the pixels, so that each of the EL elements 205 is made 
not to emit light . 
[0059] 

Next, in a predetermined period corresponding to the first 
row in the address period for determining light emission or light 
non-emission of all the pixels, the controller 6 makes control such 
that first, the row driver 7 scans the address scanning electrode 

15 



JP10-312173 



line of the first row, and next, data of the first subfield held 
by the data latch circuit of the column driver 8 is inputted through 
the data electrode line correspondingly to the pixels of the 
respective columns of the first row. 
[0060] 

Here, in the case where scanning is not performed, the address 
scanning electrode line becomes in an L period, and holds a previous 
ON or OFF state. However, in the case where scanning is. performed, 
the address scanning electrode line becomes in an H period, and 
an electric charge is stored in the capacitor 203 in accordance 
with the data inputted to the data electrode line, so that a voltage 
V Is held, 
[0061] 

Thus, in the case where the scanning electrode line of the 
first row address is scanned and the data is inputted, the electric 
charge in accordance with the potential of the input data is stored 
in the respective capacitors 203 corresponding to the respective 
columns of the first row. In the case where the potential of the 
data electrode line is 0 V (earth) , the electric charge is not stored 
in the capacitor 203, and the corresponding pixel is turned OFF. 
[0062] 

By this, the data of the first subfield held by the data latch 
circuit of the column driver 8 is inputted through the data electrode 
line correspondingly to the pixels of the respective columns of 
the first row. By this data, with respect to the pixel to be made 
to emit light, the on voltage is applied to the gate G of the 
corresponding FET 201, and with respect to the pixel to be made 
not to emit light, the off voltage is applied to the gate G of the 
corresponding FET 201. 
[0063] 

Next, the controller 6 performs scanning of the second row, 
so that the data of the first subfield with respect to the pixels 
corresponding to the respective columns of the second row is 
inputted through the data electrode line similarly to the foregoing 
case of the first row. In this way, when the controller 6 completes 
the scanning for all rows, with respect to the pixel to be made 
to emit light, the electric charge is stored in the capacitor 203 
connected in series with the FET 202, and the gate potential of 
the FET 202 becomes V. With respect to the pixel which is made not 
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to emit light, the gate potential of the FET 202 becomes 0. 
[0064] 

In this state, the controller 6 changes over the change-over 
switch 10 to the power supply Voc side, so that the voltage (Voc) 
is applied to the common electrode as the anode common to the organic 
EL elements 205 of the respective pixels in a time corresponding 
to the data of the first subfield. By this, the voltage (Voc) is 
applied to the organic EL elements 205 of the respective pixels 
at the same time. In this case, although a current flows to the 
organic EL element, in which the gate potential of the FET 202 
becomes V, in a time corresponding to the data of the first subfield 
to^cause light emission, a current does not flow to the organic 
EL element in which the gate potential of the FET 202 becomes 0, 
and therefore, light emission does not occur. 
[0065] 

Next, in a predetermined period corresponding to the second 
row of the address period, similarly to the foregoing control 
operation in the predetermined period corresponding to the first 
row, the controller 6 performs light emission control corresponding 
to the data of the second subfield with respect to the pixels of 
the respective rows and the respective columns. 
[0066] 

Fig. 3 is a view showing timing of the light emission control 
performed by the controller 6 for the respective subf ields . 
[0067] 

In this way, with respect to the pixels of the respective rows 
and the respective columns, in a light emission period from the 
end of one address period to the start of a next address period, 
the controller 6 makes control to sequentially repeat light emission 
correspondingly to the data from the first subfield to the eighth 
subfield. Thus, as shown in Fig. 4, each pixel can be made to emit 
light in 256 cumulative light emission times for each frame of the 
digital video signal data, and the display panel 9 is made to emit 
light in 2 56 brightness gradation displays. 
[0068] 

Incidentally, in this embodiment, although the capacitor 203 
for holding the electric charge is provided in series with the gate 
of the FET 202 corresponding to each pixel, since the FET 202 itself 
has capacitance , the FET 202 may be made to hold the electric charge 
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[0069] 

Besides, the change-over switch 10 may be provided at the 
drain side of the FET 202, and in this case, the change-over switch 
10 can be connected to either one of the terminal having the same 
potential as the power supply Voc and the earth terminal. In the 
address period, the change-over switch 10 is connected to the 
terminal having the same potential as the power supply Voc,. and 
in the light emission period, the change-over switch 10 is connected 
to the earth terminal. Besides, a general three- terminal transistor 
can be used for the FET 201 or 202. 
[0070] 

Besides, in this embodiment, although the description has 
been made on the case where the organic EL element is used for the 
light emitting element of the display panel, the light emitting 
element is not limited to this, and any EL element may be used as 
long as self -emission of light is caused by the flow of a current. 
[0071] 

[Effect of the Invention] 

Since the present invention is constructed as described above, 
in the light emission display device, the control is made such that 
in the case where an electric charge is held by the gate of each 
of the transistors connected in series with each of the EL elements 
in which the plurality of pixels are arranged in the matrix form, 
a current flows to the respective EL elements, and the active matrix 
driving control is made such that in the case where the EL element 
is made to emit light, the light emission determining means supplies 
an electric charge to the gate of the corresponding transistor, 
and in the address period in which light emission or light 
non-emission of all pixels is determined, all connections between 
the drive electrode and the plurality of pixels are turned off, 
and the drive electrode is connected to the plurality of pixels 
after completion of the address period. Accordingly, the 
instantaneous brightness of the EL element at the respective pixels 
can be made constant, and since the brightness adjustment based 
on the length of a light emission time such as the 2 n subf ield method 
is possible, the display of the brightness gradation can be 
accurately performed. 
[Brief Description of the Drawings] 

[Fig* 1] A block diagram showing a main structure of an organic 
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EL display device of the present invention. 

[Fig. 2] A view showing an example of a circuit structure 
corresponding to one pixel of a display panel in FIG. 1. 
[Fig. 3] A view showing timing of light emission control 
performed by a controller for each subfield. 

[ Fig . 4 ] A view showing light emission timing in one frame period 
of digital video, signal data. 

[Fig. 5] A view showing a schematic structure of an organic EL 
element. 

[Fig. 6] An electrical circuit diagram equivalently expressing 
an organic EL element. 

[F±g. 7] A view showing a simple matrix driving system of an 
organic EL element. 

[Fig. 8] A block diagram showing a structure of an organic EL 

display device using a simple matrix driving system. 

[Fig. 9] A view showing an example of a circuit structure 

corresponding to a unit pixel of a display panel for performing 

light emission control by active matrix driving. 

[Description of Symbols] 

1 A/D converter 

2 column address counter 

3 row address counter 

4 frame memory 

5 multiplexer 

6 controller 

7 row driver 

8 column driver 

9 display panel 

10 change-over switch 

201 FET 

202 FET 

203 capacitor 

205 organic EL element 
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